In this study, 543 samples of press hams, sausages, processed ground meat and processed cheese acquired from retail markets in Seoul and Gyeonggi province in Korea from 2005 to 2010 were monitored using a one-step multiplex polymerase chain reaction (PCR) method that involves the amplification of specific soya or maize endogenous genes and the amplification of 35S promoter (p35S) and nopaline synthase terminator (tNOS) for GMO detection. Among the 543 samples, 477 samples were amplified for maize and/or soybean endogenous genes. Although one sausage sample collected in 2008 showed amplification of tNOS, the result was assumed to be false positive based on the results from further tests of other sausage samples of the same brand. Our results demonstrate the absence of GM soya and/or maze of livestock products in the Korean market during 2005-2010. In addition, the one-step multiplex PCR using previously constructed primer sets appears to be useful as a screening method for the detection of GMOs in processed livestock products. However, more specific methods should be established and employed to detect the event-specific GM gene for positive reaction samples by screening tests in processed livestock products.
Introduction
Genetic modification technology has enabled the development of a variety of genetically modified (GM) crops, and many countries have authorized the commercialization of GM food and feed (Hurst et al., 1999; Lee et al., 2004b) . As consumer concern over the safety of GM foods has grown, many countries have established labeling systems based on their own criteria, with the threshold for the intentional mixing level of GM crops as 0.9% in the European Union and 5 in Japan (Food and Marketing Bureau, 2000; Regulation, 2003) . The consumption of soybean and maize in Korea relies almost entirely on imports, because of low-self-sufficiency rate of these crops in Korea (about 7.3% and 0.8%, respectively) (Kim Phillips and McNeill, 2000) . Soybean and maize imported to Korea presumably includes GM products (Hwang et al., 2003a; Lee et al., 2004a Lee et al., , 2004b . This has implications for other domestic food, since maize starch and soybean are often added as flavor enhancers to processed meat and dairy products such as press ham, sausage, processed ground meat and milk products (Hwang et al., 2003a; Lee et al., 2004a Lee et al., , 2004b .
A number of methods have been developed for the detection of genetically modified organisms (GMOs) from food stuffs. Recently, the presence of GMOs in food stuffs is commonly determined by PCR methods which is specific and sensitive to detect even very low concentration of specific organism DNAs (Forte et or less of starch is allowed in Korean processed press hams and sausages therefore, it is necessary to monitor whether GMO is mixed in these products. For monitoring GM genes in meat products, polymerase chain reaction (PCR) assays were developed for GM maize and GM soybean (Chung et al., 2004) . However, no data are available on the detection of GMOs in processed meat and dairy products using PCR for screening. Therefore, the present study focused on the one-step multiplex PCR detection of GMOs in processed meat and dairy foods formulated with maize starch and soybean, which were purchased from retail markets in Seoul and Gyeonggi province during 2005-2010.
Materials and Methods
Samples and reference materials A total of 543 processed meat and dairy foods formulated with soybeans and maize starch were randomly purchased from supermarkets in Seoul and Gyeonggi province in Korea from 2005 to 2010. The samples were sorted into processed meat products such as sausages, press hams and ground meat products, and dairy products such as processed cheese ( Table 1 ). The certified reference materials used as the positive control consisted of corn and soybean that were positive for GM DNA (Nexgen Biotechnology, Korea).
DNA extraction
Samples were cut into small pieces with scissors, and DNA isolation was carried out using a Powerprep DNA extraction kit (Kogene, Korea) according to the manufacturer's procedure. Briefly, 1-2 g portions of samples were added to 15-mL conical tubes, followed by 4 mL of lysis buffer A and 300 µL of lysis buffer B. After incubation at 37 o C for 1 h, 4 mL of 97% chloroform was added and tubes were vortexed for 15 s followed by centrifugation at 2,400 g for 15 min. Each supernatant was transferred to an Eppendorf tube and 1 mL of chloroform was added. After vigorous vortexing, the tube was centrifuged at 2,400 g for 10 min at room temperature and the obtained supernatant was added to a clean Eppendorf tube containing 1.2 mL of binding buffer. After vortexing, 700 µL of the mixture was transferred to a QIAamp spin column tube (Qiagen, USA) contained in a 1.2 mL collection tube and centrifuged at 8,000 g for 1 min. Each column tube was then placed in a new clean 1.2 mL collection tube. This step was repeated twice. Seven hundred microliters of 75% ethanol was added to each column tube and centrifuged at 8,000 g for 1 min. This step was also repeated twice. Each column was centrifuged at 8,000 g for 3 min to discard the remainder of the ethanol and transferred to a clean Eppendorf tube followed by addition of 120 µL of DNase-free water (Invitrogen, USA). The tubes were incubated at room temperature for 15-20 min and centrifuged at 6,000 g for 5 min. The concentration of extracted DNA was measured by a nanophotometer (Implen, Germany).
Multiplex PCR
The sequences of nucleotide primers are shown in Table 2 . The CaMV 35S (p35S) and nopaline synthetase terminator (tNOS) primer pairs were previously reported by Kuribara et al. (2002) . The lectin gene and zein gene primer set amplified endogenous gene of soybean and maize, respectively, were previously reported (Chung et al., 2004) . All primers were synthesized by Bioneer (Korea). PCR was carried out in T personal thermocycler system (Biometra, Germany) using a 20 µL reaction volume with 2× ready dispensed mix (Kisanbiotech, (Promega, USA) at 100 V and a running time of 35 min, stained with SYBR Safe DNA gel stain (Invitrogen, USA) and photographed using a Molecular Imager Gel Doc XR+ Imaging system (Bio-Rad, USA). A 100 bp ladder (Bioneer, Korea) consisting of DNA fragments ranging from 100-3,000 bp was used as marker.
Results and Discussion
The multiplex PCR analysis very quickly discriminated GMOs in a cost-saving and less time-consuming way. In addition, it is flexible because it is carried out on the same tube in the same run ( (Table 3 , Fig.  1) . A 199 bp fragment of maize endogenous gene was also amplified in this sample (Fig. 1) . However, we assume that this could be false positive based on the results from further test of four other sausage samples of the same brand. No indication was also found for GM crops in the package of the sausage. PCR-based GMO tests can be categorized into four levels of specificity: screening methods, gene-specific methods, construct-specific methods, and event-specific methods. The screening test is the least specific, targeting DNA elements such as promoters and terminators that are present in many different GMOs (Miraglia et al., 2004) .There are some limitations of this study, and one of them was that we used only the screening method to detect GMOs in this study. 
Not tested
Therefore, in the future, more specific methods should be established and employed to detect the event-specific GM gene for positive reaction samples by screening tests in processed livestock products. DNAs from all extractions in this study were also checked for their endogenous genes and GM genes by agarose gel electrophoresis. Table 3 summarizes the number of amplified GM and endogenous genes for all 543 samples. Four hundred seventy seven samples (87.8%) were amplified for maize or/and soybean endogenous genes. These samples resolved bands of approximately 199 and 201 bp for zein and lectin genes, respectively. In general, it is difficult to obtain significant amounts of amplifiable DNA as heat treatment, enzymatic activities, or acidic pH lead to fragmentation and other modifications of DNA (Hupfer et al., 1998; Wurz et al., 1999) . In this study, ground meat samples yielded the most amplified samples for lectin and zein genes (96.3% of samples), followed by sausage samples (92.1%) and press ham samples (87.8%). In contrast, thirteen (41.9%) of 31 processed cheese resulted in amplification for lectin or/ and zein genes, and 12 of 31 samples had a low DNA quality with concentration of <50 ng. This could be expected because of the highly fermented characteristics of cheese, making the detection of soy or maize endogenous gene difficult. This result is similar with other reports of the lack of extracted DNA from highly fermented products such as soy margarine, soy sauce, and soy and maize oil (Abdullah et al., 2006; Greiner et al., 2005) . In addition, since milk products include factors such as proteinase that inhibits the PCR reaction (Powell et al., 1994; Rossen et al., 1992; Wernars et al., 1991) , no amplification was presently apparent despite sufficient DNA concentration for PCR. Hence, other technical methods are needed for better efficiency of DNA extraction from fermented dairy products such as cheese.
In conclusion, our results demonstrate the absence of GM soya or/and maze of livestock products in Korean market during 2005-2010. In addition, the one-step multiplex PCR using previously constructed primer sets appears to be useful as a screening method for the detection of GMOs in processed livestock products. However, further studies are needed to detect the event-specific GM gene for positive reaction samples by screening tests in processed livestock products. 
